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Based on the possible superconducting (SC) pairing symmetries recently proposed, the quasipar-
ticle interference (QPI) patterns in electron- and hole-doped Sr2IrO4 are theoretically investigated.
In the electron-doped case, the QPI spectra can be explained based on a model similar to the octet
model of the cuprates while in the hole-doped case, both the Fermi surface topology and the sign of
the SC order parameter resemble those of the iron pnictides and there exists a QPI vector resulting
from the interpocket scattering between the electron and hole pockets. In both cases, the evolution
of the QPI vectors with energy and their behaviors in the nonmagnetic and magnetic impurity
scattering cases can well be explained based on the evolution of the constant-energy contours and
the sign structure of the SC order parameter. The QPI spectra presented in this paper can be com-
pared with future scanning tunneling microscopy experiments to test whether there are SC phases
in electron- and hole-doped Sr2IrO4 and what the pairing symmetry is.
PACS numbers: 74.70.-b, 74.20.Rp, 74.55.+v
Introduction.—Recently, the 5d transition metal oxide
Sr2IrO4 has attracted much attention.
1–13 In this mate-
rial, the energy bands close to the Fermi level are mainly
contributed by the t2g orbitals of Ir and it is in the (t2g)
5
configuration. On the one hand, due to the extended
nature of 5d orbitals, Coulomb interaction U for 5d elec-
trons (1−3eV) is expected to be smaller than that for 3d
electrons (5 − 7eV).7 On the other hand, the spin-orbit
coupling (SOC) is considerably larger by a factor of 10
in 5d than in 3d.7 In this case, the strong SOC splits
the t2g orbitals into an upper J =
1
2 band and lower
J = 32 bands. In the parent compound, the J =
3
2 bands
are fully occupied while the J = 12 band is half-filled.
Meanwhile, the bandwidth of this J = 12 band is much
smaller than the original one in the absence of the SOC.
Therefore, even a small U can lead the system into a
Mott insulator, making Sr2IrO4 an analog to the parent
compound of the cuprates. This J = 12 Mott insulating
state is supported by several experiments.4–6,8,10–13 The
question is, whether doping Sr2IrO4 can induce super-
conductivity in analogy to the cuprates?
To resolve this issue, Refs. 14 and 15 theoretically in-
vestigated the superconducting (SC) properties in both
electron- and hole-doped Sr2IrO4. They found that, in
the electron-doped case, a SC phase indeed exists and the
pairing contains both intraorbital and interorbital com-
ponents as well as both singlet and triplet components of
t2g electrons, while the pairing symmetry on the Fermi
surface is dx2−y2-wave (or d∗x2−y2 -wave as denoted by Ref.
15) and the pairing function respects time-reversal sym-
metry (TRS). On the other hand, in the hole-doped case,
the Fermi surface topology changes and resembles that of
the iron pnictides, with a electron pocket around the Γ
point and a hole pocket around the M point. In this case,
Ref. 14 found that there is no SC phase while Ref. 15
concluded that a SC phase can also exist while the pair-
ing function still respects TRS and the pairing symmetry
is s∗±-wave, similar to that of the iron pnictides.
16
In this paper, in order to search for an experimental
test of the above two theories, we propose to measure
the quasipariticle interference (QPI) patterns in both
electron- and hole-doped Sr2IrO4 by scanning tunneling
microscopy (STM). As we know, the QPI patterns are
strongly influenced by the shape and evolution of the
constant-energy contour (CEC), as well as the relative
sign of the SC order parameter of the states connected
by the QPI wave vectors.17–21 Therefore, by measuring
the QPI patterns, we can not only determine whether the
SC phase exists in the electron- and hole-doped cases, but
also the SC pairing symmetry.
Method.—We start with the lattice model adopted in
Refs. 14 and 15, which takes the three t2g orbitals (dxz,
dyz and dxy) of Ir into account. The Hamiltonian can be
written as
H =
1
2
∑
k
ψ†kMkψk,
ψ†k = (c
†
k1↑, c
†
k2↑, c
†
k3↑, c
†
k1↓, c
†
k2↓, c
†
k3↓,
c−k1↑, c−k2↑, c−k3↑, c−k1↓, c−k2↓, c−k3↓),
Mk =
(
Ak ∆0Dk
∆0D
†
k −AT−k
)
, (1)
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2where
Ak =

1k − iλ2 0 0 0 iλ2
iλ
2 2k 0 0 0 −λ2
0 0 3k − iλ2 λ2 0
0 0 iλ2 1k
iλ
2 0
0 0 λ2 − iλ2 2k 0
− iλ2 −λ2 0 0 0 3k
 ,
Dk =

0 0 γ1k g
1
k γ
2
k 0
0 0 γ3k −γ2k g2k 0
−γ1k −γ3k 0 0 0 g3k
−g1k γ2k 0 0 0 −γ1k
−γ2k −g2k 0 0 0 γ3k
0 0 −g3k γ1k −γ3k 0
 ,
1k = −2t4 cos kx − 2t5 cos ky − µ,
2k = −2t5 cos kx − 2t4 cos ky − µ,
3k = −2t1(cos kx + cos ky)− 4t2 cos kx cos ky
−2t3(cos 2kx + cos 2ky) + µxy − µ. (2)
Here c†k1↑, c
†
k2↑ and c
†
k3↑ create a spin-up electron with
momentum k in the dxz, dyz and dxy orbitals, re-
spectively. Ak stands for the tight-binding part of
the Hamiltonian in the presence of the SOC, with
λ being the SOC strength. (t1, t2, t3, t4, t5, µxy, λ) =
(0.36, 0.18, 0.09, 0.37, 0.06,−0.36, 0.5) and µ is the chem-
ical potential which is adjusted according to the electron
filling n. Dk describes the pairing term of the Hamilto-
nian whose explicit expression is given later and we set
∆0 = 0.05 (unless otherwise specified).
When a single impurity is located at the origin, the
impurity Hamiltonian can be written as
Himp =
3∑
l=1
∑
σ=↑,↓
(Vs + sσVm)c
†
0lσc0lσ
=
1
N
3∑
l=1
∑
σ=↑,↓
∑
k,k′
(Vs + sσVm)c
†
klσck′ lσ, (3)
with N being the system size (396× 396 throughout the
paper) and sσ = 1(−1) for σ =↑ (↓). We consider both
nonmagnetic and magnetic impurity scattering, diagonal
in the orbital basis and with a scattering strength Vs
and Vm for the nonmagnetic and magnetic cases, respec-
tively. Following the standard T -matrix procedure,22 the
Green’s function matrix is defined as
g(k,k
′
, τ) = −〈Tτψk(τ)ψ†k′ (0)〉, (4)
and
g(k,k
′
, ω) = δkk′ g0(k, ω)
+g0(k, ω)T (ω)g0(k
′
, ω). (5)
Here g0(k, ω) is the Green’s function in the absence of
the impurity and can be written as
g0(k, ω) = [(ω + i0
+)I −Mk]−1,
T (ω) = [I − Ω
N
∑
q
g0(q, ω)]
−1 Ω
N
,
(6)
where I is a 12× 12 unit matrix and
Ωlm =

Vs + Vm l = m = 1, 2, 3,
Vs − Vm l = m = 4, 5, 6,
−(Vs + Vm) l = m = 7, 8, 9,
−(Vs − Vm) l = m = 10, 11, 12,
0 otherwise.
(7)
The experimentally measured local density of states
(LDOS) is expressed as
ρ(r, ω) = − 1
pi
3∑
l=1
∑
σ=↑,↓
Im〈〈crlσ|c†rlσ〉〉ω+i0+
= − 1
piN
6∑
m=1
∑
k,k′
Im
[
gmm(k,k
′
, ω)e−i(k−k
′
)·r
]
,
(8)
and its Fourier transform is defined as ρ(q, ω) =∑
r ρ(r, ω)e
iq·r, which can be expressed as
ρ(q, ω) = − 1
2pi
6∑
m=1
∑
k
Im[gmm(k,k + q, ω) + gmm(k,k− q, ω)]
+iRe[gmm(k,k + q, ω)− gmm(k,k− q, ω)]. (9)
Since the system is even under k→ −k (Dk is also an
even function of k as can be seen later), Eq. (9) can be
simplified as
ρ(q, ω) = − 1
pi
6∑
m=1
∑
k
Imgmm(k,k + q, ω), (10)
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FIG. 1: (Color online) At n = 5.2, ρ(r, ω) as a function of ω,
in the absence of the impurity. The gray dotted lines denote
the position of the two SC coherence peaks, located at ±∆
(∆ ≈ 0.4∆0).
and the contribution from the spin up and spin down
electrons can be expressed as
ρ↑(q, ω) = − 1
pi
3∑
m=1
∑
k
Imgmm(k,k + q, ω),
ρ↓(q, ω) = − 1
pi
6∑
m=4
∑
k
Imgmm(k,k + q, ω). (11)
Here we need to clarify what to measure in the STM
experiment. If the impurity scattering is weak, then
T (ω) ≈ ΩN . In this case, if Vs 6= 0 and Vm = 0, we have
ρ↑(q, ω) = ρ↓(q, ω) since the system respects TRS. On
the other hand, if Vs = 0 and Vm 6= 0, TRS is broken and
now for q 6= 0, we have ρ↑(q, ω) = −ρ↓(q, ω), leading to
ρ(q, ω) = 0. Therefore, in the STM experiment, people
should measure the spin-resolved LDOS, either ρ↑(r, ω)
or ρ↓(r, ω), to get a nontrivial QPI spectrum.
Results.—At n = 5.2, the electron-doped case, the
pairing functions gk and γk in Eq. (2) can be expressed
as15
g1k = −0.35 + 0.2 cos ky − 0.08 cos kx,
g2k = 0.35− 0.2 cos kx + 0.08 cos ky,
g3k = 0.07(cos ky − cos kx),
γ1k = −i(0.15 cos ky − 0.12 cos kx),
γ2k = 0.23i(cos kx − cos ky),
γ3k = −(0.15 cos kx − 0.12 cos ky). (12)
The LDOS in the absence of the impurity is homogeneous
in real space and is shown in Fig. 1. Two SC coherence
peaks are located at ±∆ where ∆ ≈ 0.4∆0 and the spec-
trum is V-shaped in the vicinity of ω = 0, indicating
the nodal gap structure, consistent with the d∗x2−y2 -wave
pairing symmetry.
In the presence of the impurity, we plot |ρ↑(q, ω)| in
Fig. 2 and several QPI wave vectors can be identified.
For nonmagnetic impurity scattering [From Figs. 2(a)
to 2(f)], three QPI wave vectors q1, q2 and q6 can be
clearly seen evolving with energy. q1 is located along
the (±1,±1) directions and moves away from the origin
as |ω| increases. q2 and q6 are not located along the
high-symmetry directions and they overlap after a 90 de-
gree rotation. Furthermore, they are not so obvious at
ω/∆ = 0.75 since they are masked by the high-intensity
spots around them. In contrast, for magnetic impurity
scattering [From Figs. 2(g) to 2(l)], q1, q2 and q6 be-
come less clear and instead, another two vectors q3 and
q7 can be identified evolving with energy. They are both
located along the (0,±1) and (±1, 0) directions and move
towards the origin as |ω| increases.
The appearance and evolution of the above five QPI
wave vectors can be understood from the evolution
of the CEC. As we can see from Fig. 3, the CEC
of the electron-doped Sr2IrO4 is similar to the octet
model of the cuprates17–20,22 and the expected QPI
vectors should be those connecting the tips of the
CEC, i.e., q1,q2, . . . ,q7 in this case. For example,
at |ω|/∆ = 0.5, q1,q2, . . . ,q7 shown in Fig. 3 are
located at (−0.295,−0.295), (−0.295, 0.839), (0, 0.544),
(0.866, 0.544), (−0.839, 0.839), (−0.839,−0.295) and
(0.866, 0), agree quite well with those shown in Figs.
2(b), 2(e), 2(h) and 2(k), except that q4 and q5 cannot
be identified. At |ω|/∆ = 0.25 and 0.75, the locations of
the QPI vectors shown in Fig. 3 are also consistent with
those in Fig. 2 and for all the energies we investigated,
q4 and q5 cannot be clearly seen, thus we neglect these
two vectors in the following.
Next we discuss the implication of the QPI vectors on
the sign of the SC order parameter. As we know, due to
the effect of the SC coherence factors, those scattering
between the states with the opposite (same) sign of the
SC order parameters will be enhanced (suppressed) by
nonmagnetic impurity. For magnetic impurity scatter-
ing, the situation is reversed. In electron-doped Sr2IrO4,
since the pairing symmetry is assumed to be d∗x2−y2 -wave
and the sign of the SC order parameter on the CEC is
shown in Fig. 3 as + and −. As we can see, q1, q2
and q6 are sign-reversing scattering processes while q3
and q7 are sign-preserving ones. Therefore, q1, q2 and
q6 should be more discernable in the nonmagnetic im-
purity scattering case while q3 and q7 should be more
distinct in the magnetic impurity scattering case. This is
exactly what we obtain here as can be seen from Fig. 2.
Therefore, the evolution of the QPI vectors with energy
together with their different behaviors in the nonmag-
netic and magnetic impurity scattering cases can help to
determine whether the pairing symmetry is d∗x2−y2 -wave
in electron-doped Sr2IrO4.
Here we need to point out that, Ref. 14 assumed
that the SC pairing is a pseudospin singlet formed by
the J = 12 Kramers doublet and the pairing symme-
try is dx2−y2-wave. In this case, the pairing term of
4FIG. 2: (Color online) At n = 5.2, |ρ↑(q, ω)| at fixed ω. The point at q = 0 is neglected in order to show weaker features at
other wave vectors. (a-f) ω/∆ = −0.25,−0.5,−0.75, 0.25, 0.5, 0.75, for the nonmagnetic impurity scattering. (g-l) are the same
as (a-f), but for the magnetic impurity scattering.
5FIG. 3: (Color online) At n = 5.2, the CEC at |ω|/∆ =
0.25 (green), 0.5 (red) and 0.75 (black). q1,q2, . . . ,q7 are
characteristic QPI wave vectors connecting the tips of the
CEC. The + and − denote the sign of the SC order parameter
on the CEC.
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FIG. 4: (Color online) The same as Fig. 1, but at n = 4.25.
the Hamiltonian can be written as ∆ka
†
k1↑a
†
−k1↓, where
∆k =
∆0
2 (cos kx − cos ky) and a†k1↑ creates a pseudospin
up electron with momentum k in the J = 12 band. If
we set ∆0 = 0.02 here, then the LDOS in the absence
of the impurity is qualitatively the same as that shown
in Fig. 1 and now we have ∆ = ∆0. In addition, the
evolution of the CEC and the QPI spectra obtained are
also similar to those in Figs. 3 and 2, respectively, in-
FIG. 5: (Color online) At n = 4.25, the pairing function Dk
projected onto the Fermi surface.
dicating that the pairing functions adopted in Refs. 14
and 15 share the same characteristics. As we can see
in the limit of large SOC (λ → ∞), ∆ka†k1↑a†−k1↓ ∝
∆k(c
†
k3↑+c
†
k2↓+ic
†
k1↓)(c
†
−k3↓−c†−k2↑+ic†−k1↑). Although
the pairing is a pseudospin singlet, it contains both in-
traorbital and interorbital components as well as both
singlet and triplet components of t2g electrons and it re-
spects the same symmetry as that shown in Eq. (12).
Therefore, for electron-doped Sr2IrO4, Refs. 14 and 15
predicted similar SC phases.
Then we consider the hole-doped Sr2IrO4 at n = 4.25.
In this case, the pairing function proposed by Ref. 15
can be written as
g1k = −0.11− 0.3(cos kx + cos ky),
g2k = g
1
k,
g3k = −0.21− 0.14(cos kx + cos ky),
γ1k = i(0.17− 0.02 cos kx − 0.12 cos ky),
γ2k = i[0.19 + 0.04(cos kx + cos ky)],
γ3k = −(0.17− 0.12 cos kx − 0.02 cos ky). (13)
The LDOS in the absence of the impurity is shown in
Fig. 4 and two pairs of SC coherence peaks are located
at ±0.4∆0 and ±0.52∆0, as denoted by the black and
red arrows, respectively, with a U-shaped profile close
to ω = 0, indicating the full gap opening at this dop-
ing level. The pairing function Dk projected onto the
Fermi surface is shown in Fig. 5. As we can see, the
pairing order parameter on the electron pocket around Γ
is negative and almost isotropic while on the hole pocket
around M , it is positive and anisotropic. Therefore, the
Fermi surface topology and the sign change of the pairing
order parameter between the electron and hole pockets
are very similar to the iron pnictides16,21 and this pairing
symmetry is dubbed as s∗±-wave.
6FIG. 6: (Color online) The same as Fig. 3, but at n = 4.25. Left: |ω| = 0.2∆0 (black) and 0.3∆0 (red). Right: |ω| = 0.4∆0
(black) and 0.5∆0 (red).
The evolution of the CEC with energy at this doping
level is shown in Figs. 6 and 7. As can be seen, at low
energies (|ω| = 0.2∆0 and 0.3∆0), the CEC exists around
the M point and the characteristic QPI vectors should
be q1,q2, . . . ,q7 as shown in the left panel of Fig. 6.
q1 and q5 are located along the (±1,±1) directions. q1
moves towards the origin as |ω| increases while q5 hardly
evolves with energy. q2 and q6 are not located along
the high-symmetry directions while q3 and q7 are both
located along the (0,±1) and (±1, 0) directions. In addi-
tion, q3 should move towards the origin with increasing
|ω| while the situation for q7 is reversed. As |ω| increases
to 0.4∆0, the tips of the two adjacent CECs touch each
other. So in this case, q1 should disappear while q2,
q3, q6 and q7 become equivalent. When |ω| ≥ 0.5∆0,
the CEC evolves into closed contours where no tips ex-
ist, thus the above mentioned QPI vectors disappear.
Here q1,q2, . . . ,q7 are all sign-preserving scattering pro-
cesses, therefore they should be discernable only in the
magnetic impurity scattering case. As |ω| increases to
0.6∆0, another CEC shows up around the Γ point. In
this case, a large portion of the CECs around the M
and Γ points are quasinested with each other by a nest-
ing vector (±1.15pi,±1.15pi), as can be seen from Fig. 7.
In this case, there should exist a QPI vector located at
around (±0.85pi,±0.85pi) in the first Brillouin zone and
since it is a sign-reversing scattering process, it should be
observable only in the nonmagnetic impurity scattering
case.21
To verify the above expectations, the QPI spectra are
calculated and are plotted in Figs. 8 and 9. For mag-
netic impurity scattering (see Fig. 8), indeed we can
identify the QPI vectors q1,q2, . . . ,q7, except that q4
cannot be clearly seen. The evolution of these vectors
is also consistent with that derived from Fig. 6, i.e., q1
locates along the (±1,±1) directions and moves towards
the origin with increasing |ω|. q3 and q7 both locate
along the (0,±1) and (±1, 0) directions while they be-
come equivalent with q2 and q6 at |ω|/∆0 = 0.4. Mean-
while, q5 barely evolves with energy and at |ω|/∆0 ≥ 0.5,
the above mentioned QPI vectors disappear. On the
other hand, for nonmagnetic impurity scattering, as we
can see from Fig. 9, q1,q2, . . . ,q7 become less clear
and instead, at ω/∆0 = 0.5 and 0.6 [see Figs. 9(i)
and 9(j)], another QPI vector q8 shows up at around
(±0.85pi,±0.85pi), which is resulted from the interpocket
scattering between the electron and hole pockets as we
mentioned above. Therefore, the locations of these QPI
vectors and their behaviors in the nonmagnetic and mag-
netic impurity scattering cases are consistent with what
we expected from the evolution of the CEC and the sign
structure of the SC order parameter.
Summary.—In summary, we have studied the QPI
spectra in both electron- and hole-doped Sr2IrO4, by as-
suming the pairing symmetries proposed by Refs. 14 and
15. In the electron-doped case, we found that the pair-
ing functions in Refs. 14 and 15 are qualitatively the
same and the QPI spectra can be explained based on a
7FIG. 7: (Color online) The same as Fig. 6, but at |ω| =
0.6∆0. The red curves are displaced by (1.15pi, 1.15pi) from
the black ones.
model similar to the octet model of the cuprates. On the
other hand, for hole-doped Sr2IrO4, the QPI spectra in
the SC phase resemble those of the iron pnictides where
the interpocket scattering between the electron and hole
pockets lead to a QPI vector locating at the nesting vec-
tor of these two pockets. In both cases, the evolution
of the QPI vectors and their different behaviors in the
nonmagnetic and magnetic impurity scattering cases can
well be explained based on the evolution of the CEC and
the sign structure of the SC order parameter. The QPI
spectra presented in this paper can thus be compared
with future STM experiments to test whether there are
SC phases in electron- and hole-doped Sr2IrO4 and what
the SC pairing symmetry is.
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